Queen’s House from Lincoln’s Inn Fields. 


All rights of republication, including translation of crticles, are reserved. 
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One of a fleet of ‘A.E.C.-English Electric’ 70-seater all-metal Trolleybuses supplied to 
Durban Corporation, South Africa, 


One of a fleet of ‘A.E.C.-English Electric’? 56-seater all-metal Trolleybuses supplied to 
Bradford Corporation. 
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=60RESEARCH ADVERTISEMENT No. 4 


HE TESTING OF MATERIALS for 

use at high steam temperatures 
is an important factor in modern 
boiler construction. Research is 
necessary to ascertain the effect of 
high superheat temperature on the 
alloy steels now available. 


The development by Babcock & Wilcox 
Ltd., of special methods for the measure- 
ment of gas temperatures and for 
ascertaining the reaction between high 
temperature steam and tube metal has 
led to the recent introduction in their 
Laboratories of original apparatus for 
conducting tests of this kind. 


The top illustration shows one of two special 
superheaters in which series of tubes of different 
materials are subjected to high steam temper- 
atures to determine their resistance and 
behaviour under these conditions. 

The operating conditions in these furnaces are 
closely controlled and special means are 
provided for recording the gas and tube wall 
temperatures. 

The accurate determination of furnace gas 
temperatures where the conditions are not 
black-body is a difficult problem, necessitating 
the use of special apparatus. The centre illustra- 
tion shows an adaptation of the Sodium Line 
Reversal Method which has been used for the 
determination of temperatures in internal com- 
bustion engines and is now, for the first time, 
being applied to boiler practice. 


The lower illustration shows a Micro Gas Analysis 


Apparatus which enables analyses of very small 
quantities of gas to be carried out with speed and 
accuracy. The special apparatus used for the 
measurement of the rate of evolution of gas from 
condensed steam and for collecting gas samples is 
shown in front of the superheater in the illustration. 
This investigation is yet another example of the 
importance Babcock & Wilcox Ltd., attach to the 
results obtainable from practical research work. 


BABCOCK & WILCOX LTD 


34 FARRINGDON LONDON, E.C.4 . 
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COMMUTATOR 
BARS 


IN H.C. COPPER AND 
“COMBARLOY™ 


HOMAS BOLTON & SONS LTD., have many years 

experience in the manufacture of commutator bars 

of all types, from the small stampings used in 
vacuum cleaner motors to the heavy sawn sections 
required for large generating plant. Commutator 
bars can be supplied in hard drawn H.C. copper or 
in Bolton's ‘* Combarloy.” 


**Combarloy”’ is special H.C. copper which has the 
advantage of having a much higher softening temper- 
ature than ordinary hard drawn H.C. copper. This 
means that there is less risk of the commutator bars 
softening during soldering and other heating oper- 
ations during the assembly of the commutator. The 
properties and advantages of ‘‘Combarloy”’’ are 
explained in Bolton Publication No. 101, a copy cf 
which will! be sent free on request, 


ESTABLISHED 


1763 


BOLTON 44a 


Head Office: London Office : 
MARTINS BANK BOG. 168 REGENT ST. 
LIVERPOOL, 2 


CONSTANT VOLTAGE 
RECTIFIER FOR USE 
WITH BATTERIES 


A completely new constant voltage 
rectifier system... all metal construc- 
tion. ..compensates for load current 
variations and provides a remarkable 
compensation for fluctuations in mains 
input voltage. The ‘*Westat” will stand 
up to rough usage or shocks, and will 
keep a battery in a charged condition 
ready for all emergencies. It is im- 
possible to overcharge the battery or 
to damage the rectifier. 


Write for descriptive pamphlet 
No, 11 (Suppt. F,) to Dept. E.E.J. 


WESTINGHOUSE BRAKE & SIGNAL CO., LTD. 
82 York Way - King’s Cross - London, N.1 
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Sy But though it's fashionable 7, H IS S 
x to invent high-sounding 
terms to describe fancy 
theories about the 
causes of wear in 
cylinders and 
bearings, the fact 
remains that wear 
1s caused by friction, 
sometimes in conjunc- 
tion with harmful 
products of combustion. 


VES 


Years ago Wells and 
Southcombe found 


that 
friction between the 
working parts of engines 
is greatly reduced by a 


property which they 
called “oiliness” 


course all lubricants 


have some “oiliness” 
but the practical value 
of the Wells-Southcombe 
process (“ Germ” brand oils) 
is that the natural ” oiliness ” of 
high quality oils is greatly increased. 
Others are now claiming to increase 
‘oiliness” by the use of “ addition” agents 
and “concentrates” but “Germ” oils are in 
advance of all others and remain first in the field. 
Millions of gallons of “Germ” oils have been used in all 
kinds of engines operating in all kinds of climates so that we 

can safely claim “Germ” oils are already fashionable. When we say 

that engines will be worn less this season we are only saying 1n another 
way that more and more engine owners will be changing over from ordin- 

ary oils to “Germ” oils—that “Germ” oils are becoming very fashionable. 
Rather snappy. this advertisement, don't you think? We didn't do it quite by 
ourselves. The fact is we sold the Wells-Southcombe patent for North America 
to the Continental Oil Company of Ponca City, Oklahoma. and with their per- 

mission we've copied the lay-out of a full page in the “Saturday Evening Post.” 

about Conoco “Germ” processed oils which have become so fashionable in U.S.A. 
To be serious again—if youre not already using “Germ” oil it would be worth 
your while to write us. We can ensure minimum wear in your engine and, 
after all, that's what you buy oil for! 


“Germ” oils are made in England 
and although they reduce friction more than any other oils, they are 


not expensive, as their cost is not inflated by heavy advertising. 


GERM LUBRICANTS LTD., LONDON, E.C.2, & SALFORD 3, LANCS. 
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comes 

from intinite 
technical care 
—and 
experience 


Taylor Tunnicliff & Co! Ltd., 110 Canncn St., London, E.C.4," Factories at"Hanley, Stcne & Lenston, Staffs. Tel. : Mansion House’'72\1-2 & Stoke-on-Trent 5272-4. 


FOR QUALITY AND RELIABILITY 


“LINAPEX” VARNISHED CLOTHS “ FORMAPEX” MIOCARTA SHEETS 


AND TAPES Grade | - BSS. 547. P.F. 
Straight Cut, Bias Cut, Seamless and stitched Grade ll - 316. P.O. 
Punching Quality - - P.Q. 

“LINAPEX” VARNISHED SILKS 
AND TAPES “FORMAPEX” MIOCARTA TUBES 
Wrapped - P.G. Moulded - P.P. 

“LINAPEX” OILED PAPERS 
For Telephone Insulation etc. “FORMAPEX” VARNISHED PAPERS 
B. Quality, Coated for wrapped tubes. 

e L. Quality, Impregnated for moulded tubes etc. 


Write for our booklets on Insulation, post free W ~~ 


THE 10CO RUBBER & WATERPROOFING CO., LTD. 
NETHERTON WORKS - ANNIESLAND - GLASGOW 4 
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STERLING INSULATING VARNISHES have consistently 
led the way in the development of high-class insulation 
for nearly 50 years. 


STERLING PAINTS and INDUSTRIAL FINISHES give 


maximum protection to all types of electrical plant. 


THE STERLING VARNISH COMPANY, LIMITED, 
Fraser Road, Trafford Park, 
Manchester 17. 


Telephone: Trafford Park 2231. 
Telegrams : ‘‘Dielectric’”” Manchester. 


JOINTINGS 
\\ FOR ALL PURPOSES AND PRESSURES 


“GRAFITOIL” 
JOINTING 
For very Hot Oil Joints. This 
Jointing possesses great tensile 
strength. Sample_ for testing 
gladly supplied. Obtainable in 


sheet and cut joint form. 


“LION” AUTOMATIC TYPE 


For Accumulators, Hydraulic Lifts, 
Cranes, Presses, etc. Will stand the 
highest pressure with the minimum of 
friction. 


WRITE FOR CATALOGUE H. 6. 


JAMES WALKER & CO., LTD. 


“LION” WORKS - WOKING - SURREY 
resisting. The material is tough 
PHONE. WOKING 2255 (4 lines). —— GRAMS, LIONCELLE yet supple and is used extensively 


on very important jobs. Write 
for Free Trial sample. 
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FRADE MAR 
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Specify 


SILVERTOWN ELECTRICAL OILS ° 


FOR RELIABILITY 


SILVERTOWN SILVERTOWN 
” 
TRANSFORMER PENETROL 
AND (REGD.) 
SWITCH OILS HEAVY 
MEETING INSULATING OILS 
B.S.S. 148/1933 AS USED, 
SUPPLIED 
SUPPLIED AND 
RECOMMENDED 
LEADING 
TRANSFORMER 
LEADING 
AND 
SWITCHGEAR SWITCHGEAR 
MANUFACTURERS MANUFACTURERS 


Courtesy English Electric Co., Ltd, 


One of the 45 000 kVA, 132 kV/66 kV, ‘‘English Electric’’ transformers at the Fulham 
transforming station of the C.E.B., supplied with Silvertown Transformer Oil 


The maintenance of the high standard of performance of modern electrical plant incessantly demands the 
utmost reliability of the components used. Of these, SILVERTOWN INSULATING OILS are renowned 
throughout the electrical industry for their reliability. Standardised upon by leading transformer and 
switchgear makers, SILVERTOWN INSULATING OILS have been functioning successfully for years in 
thousands of installations all over the world. Produced by modern methods and specially designed to 
meet the requirements of the electrical industry, SILVERTOWN INSULATING OILS assure prolonged, 
reliable service. Specify—and rely on—SILVERTOWN INSULATING OILS. 


Silvertow 


MINOCO WHARF, 
WEST SILVERTOWN, LONDON, E.1I6 


Contractors to The English Electric Co., Ltd., principal Government Departments, Railways, Municipal Authorities, Industries, etc. 
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SPUR Or 


MOTOR 


CENTRIFUGAL 


ENSURES EASY STARTING OF 
MOTOR AGAINST FULL LOAD 
WITH MINIMUM CURRENT 


For starting up all classes of machines 
with large inertia to overcome 
a Broadbent Clutch is often absolutely 
necessary 


Let us send a copy of our Catalogue 


THOMAS BROADBENT & SONS LTD. 


1581 (4 lines) HUDDERSFIELD 
HUDDERSFIELD 


a 


CENTRIFUGAL CLUTCH 
COMBINED With 
ORIVING BACK GEAR. 


| : 
CENTRIFUGAL CLUTCH BELT PULLEY : 
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All Cables can be supplied 
with any type of armouring 


For underwater use, cables 
are provided with a special 
protective covering which 
shields the lead sheath 


LET US ADVISE YOU ON YOUR NEXT CABLE PROBLEM 
SIEMENS BROTHERS & C®, LP 


WOOLWICH , LONDON, S.E.18 
ESTABLISHED 1858 Telephone : WOOLWICH 2020 
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English Electric 
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CONTENTS. EDITORIAL. 


Feed Water Heating is the subject dealt 
pacr With in the first article in this issue. 
Originally heating was introduced more as 


FEED WATER HEATING a convenient way to dispose of the steam 


CONDITIONS ON MODERN exhausted from steam turbine auxiliaries 
STEAM TuRBO- ALTERNATOR rather than to effect a saving of heat units. 
PLANT 429 However, with the growing need for 


obtaining the maximum economy in the 
production of electrical power, came a 
rapid development of the principle of 


‘ENGLISH ELECTRIC’ TROLLEY- heating the feed water between the outlet 
BUS EQUIPMENT DEVELOP- from the condenser and the inlet to the 
149 _ boiler by means of partially expanded steam. 


In the article under review the Author— 
Mr. A. L. Jenkins, deals with the factors 
that have to be taken into consideration 
WETNESS IN STEAM TURBINES — 147 in the design of multi-stage feed heating 
systems. 


The article is accompanied by curves 
which illustrate the improvement obtained 
in the heat consumption of a plant for a 
Contents should be addressed to Tue Epitor, Wide range of operating conditions, where, 

due to the extraction of steam from various 
Tue Enciisu Evectric Journat, THe ENGLISH stages of the turbine, the latent heat is 
retained in the system in place of being 
rejected from the condenser as low-grade 
ff nto value. The Author also deals 


All Communications respecting Editorial 


Exvectric Company LIMITED, STAFFORD. 
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with the condition under which it is neces- 
sary to change over from low-pressure 
heaters on the suction side of the boiler 
feed pumps to high-pressure heaters of 
heavier construction, located on the dis- 
charge side of the boiler feed pump. 
Typical diagrams are included illustrating 
different systems of guarding against the 
detrimental effects of air in the boiler. 


In the second article Mr. E. A. Wildey 
deals with the development of “ English 
Electric” trolley-bus equipment. The 
article refers to the various types of 
traction motor that have been used, and an 
interesting curve shows the remarkable 
improvement that has been effected during 
the last twenty years in the power/weight 
ratio of the machines. 


Control apparatus and systems are 
reviewed, ranging from the early direct 
hand-operated types to the present-day 
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remote control foot-operated system. In 
connection with the latter, the Company 
have developed the Series Dynamic equip- 
ment, which provides controlled electric 
braking without the disadvantages hitherto 
experienced with regenerative equipments, 
when operating on a route not suited to 
regeneration. Developments in  low- 
tension lighting equipment and wireless 
anti-interference devices are also dealt 
with by the Author. 


In the issue of this Journal for July, 
1938, Mr. L. C. Hookins contributed an 
article on ‘‘ Wetness in Steam Turbines,” 
and in response to requests received from 
a number of Operating Engineers, we are 
pleased to include a further article by Mr. 
Hookins on the same subject. In it the 
Author discusses the effect of different 
methods of operation on the formation of 
water in turbines. 


RECENT IMPORTANT CONTRACTS. 


Hydro-Electric Plant for Eire. The Elec- 
tricity Supply Board, Dublin, have awarded to 
the Company a contract for mechanical and elec- 
trical equipment in connection with the hydro- 
electric power development on the River Liffey. 


The Contract comprises the generating plant 
at two power stations at Pollaphuca and Golden 
Fall, about 24 miles from Dublin, together with 
the pipelines, valves, surge tower, etc. The 
power stations will give a supply of electricity 
to the Electricity Supply Board’s system and will 
link up with the present hydro-electric power 
station at Ardnacrusha, Limerick, and with the 
steam power station at Pigeon House, Dublin. 


L.N.E.R. Liverpool Street-Shenfield, Electri- 
fication. The Company have received a contract 
from the London and North Eastern Railway 
Company for the electrification of the very heavy 
traffic suburban section of their lines from Liver- 
pool Street to Shenfield and the Branch Line 
from Fenchurch Street to Stratford. These lines 


are known as the Great Eastern Section of the 
L.N.E.R. suburban systems. 


As is well known, the existing steam service is 
the most densely worked steam suburban service 
in the world, the steam service having been worked 
by the Railway Company to its absolute maxi- 
mum. Electrification, however, will enable the 
Railway Company to increase the service on the 
line and give considerable benefits to the travelling 
public. 

The total extent of the contract comprises 
complete electrical equipment for ninety-two 
3-coach trains each comprising motor coach, 
trailer coach and driving trailer coach. Operation 
will be from overhead line at 1,500 volts direct 
current. Each motor coach equipment will con- 
sist of four traction motors of 210 h.p. each, 
operated by, electro-pneumatic control gear, 
mounted on the coach underframe. Heating will 
be supplied at 1,500 volts, and a motor generator 
in each motor coach will supply current at 50 
volts for lighting and control operation. 
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Feed Water Heating Conditions 


on Modern Steam 


Turbo-Alternator Plant. 


Abstract of Paper on Feed Water Heating read before the Rugby Engineering Society, January 4th, 1939. 


Fig. 1.—High 


By A. L. JENKINS, A.M.1.Mech.E., Steam Turbine Department. 


- 


-pressure Heaters for a Turbine operating at a pressure of 1000 lbs./sq. in. 
and working in conjunction with a 30,000-kW. Turbo- Alternator Set. 


The feed water is 


raised to a final temperature of 300° F. 


Feed water heating was originally introduced 
in practice not so much with a view to obtaining 
a saving of heat units, as at the present day, but 
more as a convenient way for the disposal of 
steam exhausted from steam turbine auxiliaries, 
while at the same time saving the pure water or 
distillate resulting from the condensing of the 
exhaust steam. At the time when feed water 
heating was carried out only with the above- 
mentioned object in view, turbo-generating sets 
were considerably smaller than the present-day 
sets. As the size of individual units increased— 
due to the greater demand for electricity—and 
the science of turbine design became more highly 
developed, considerable strides were made towards 


increased economy in the turbine, but feed water 
heating remained a matter of convenience for the 
disposal of that which was otherwise waste steam. 

The rate of improvement in turbine economy 
naturally decreased with time, until in the search 
for further power station economy it was necessary 
to widen the field of investigation and attention 
accordingly, in the main, was directed towards 
feed water heating. 

Development was gradual at first, and for many 
years, feed water heating systems comprised 
one or two feed water heaters using steam 
extracted only from the low-pressure stages of 
the turbine, sometimes in with 
It was 


conjunction 


exhaust steam from auxiliary turbines. 
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Fig. 2.—Mollier Chart. 


not until much later that feed water heaters were 
placed on the pressure side of the boiler feed 
pumps, leading to the modern multi-stage feed 
water heating system incorporating both low and 
high-pressure heaters, with the attendant 
evaporator, de-aerating equipment and closed- 
feed controller and so forth. 
MOLLIER CHART. 

In order to understand the basis of economy due 
to feed water heating by means of extracted or 
bled steam from a turbine it is of advantage to 
consider this on the Mollier Chart, Fig. 2, which 
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shows pictorially, to some extent, the steam 
conditions throughout a turbine. For the pur- 
pose of the example, what are to-day regarded as 
moderate steam conditions have been taken, 
namely an initial steam pressure of 400 Ibs. per 
sq. inch, an initial steam temperature of 750° F., 
both at the inlet to the first stage nozzles, and a 
vacuum of 29 in. Hg. (Bar. 30 in.) at the exit 
from the last row of blading. 


The line “AB,” representing the adiabatic 
heat drop from the initial to final conditions, is 
equal to 496 B.Th.U.’s per lb. of steam and in the 
perfect turbine would be a measure of the heat 
energy used. Due, however, to the losses which 
occur internally some lesser value of heat energy 
“AD” (equivalent to _ the turbine 
internal efficiency) is converted into mechanical 
energy. As the final conditions must be along 
the final pressure (or vacuum) line, i.e., at ‘ C,” 
then represents approximately the 
condition line throughout the turbine. 


Steam at the condition denoted by the point 
““C” passes to the condenser, thereby giving up 
to the circulating water, from which it is eventu- 
ally rejected to the atmosphere, all the latent heat 
it possesses, in this case 923.2 B.Th.U.’s from each 
pound of steam condensed. This value is a 
considerable proportion of the initial heat con- 
tained in the steam and accounts to a large 
extent for the comparatively low thermal 
efficiency of steam power stations. 


If steam is extracted at 15 lbs. per sq. inch 
absolute (i.e., at point ‘ E”’) and led to a feed 
water heater it will be seen from the Mollier 
Chart that at the initial and final conditions 
chosen, it will have a total heat of 1,135.5 
B.Th.U.’s per Ib. made up of 954.5 B.Th.U.’s 
per lb. partial latent heat and 181 B.Th.U.’s 
per lb. sensible heat. If this steam is led to a 
feed water heater its latent heat and the whole 
or a part of its sensible heat can be recovered and 
retained in the system. It is clear that this heat 
retention in the system is not obtained free, 
therefore a corresponding debit has to be made. 
When a quantity of steam is extracted from a 
turbine before it reaches the exhaust one of two 
alternatives will result. Either the output will 
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fall due to the “robbing” of the turbine of 
energy if the same quantity of steam is admitted 
to the turbine under the two conditions of non- 
extraction and extraction, or—as the output is 
usually a fixed value—some additional steam 
must be put into the turbine to maintain the 
stated output and thus compensate for the 
extraction steam. 

The Mollier Chart enables this compensating 
quantity of steam to be calculated. Steam 
extracted at 15 lbs. per sq. in. absolute has 
expanded and done work in the turbine to the 
extent of 1,392—1,135.5=—256.5 B.Th.U.’s_ per 
Ib., ice., 1,135.5—970=165.5 B.Th.U.’s per Ib. 
less than the steam which completes the path to 
the condenser. Thus the amount of replacement 
steam to be put into the turbine will be equal to : 

EF 165.5 

AD 422 
0.392 Ib. of steam for each Ib. extracted. 
Similarly if steam is extracted at 6 Ibs. per 


sq. in. absolute the total heat available for 
retention in the system will be 1,084 B.Th.U.’s 
per lb. This is only 51.5 B.Th.U.’s per Ib. less 


than at 15 Ibs. 
pressure the replacement steam is only 0.27 Ib. 
per lb. extracted. 


per sq. in. absolute but, at this 


OF EXTRACTION PRESSURES. 

It will be realised from the foregoing comparison 
that to attain the greatest economy, steam should 
be extracted at the lowest possible pressure, 
bearing in mind that there must be a difference 
in temperature so that heat will flow from the 
steam to the feed water. It is for this reason 
that multi-stage heating is usually adopted. The 
ideal arrangement would be to extract steam 
firstly at a pressure suitable for the final feed 
water temperature required and then at every 
remaining stage of the turbine but this would 
lead to a complication of pipes, valves, heaters 
and extraction belts on the turbine body. The 
number of heaters in practice is usually so fixed 
that the temperature rise of the feed water across 
each heater is from 50° F. to 70° F. 
economy will be attained if the quantity of steam 
supplied to each heater in the system is approxi- 
mately equal. When the outlet temperature of 


The greatest 


water at the various heaters is settled on this 
basis, the extraction steam pressure for any 
heater is determined so that the saturation 
temperature of the steam is approximately 
10° F. in excess of the outlet water temperature 
from that heater. Some slight modification may 
have to be made from these conditions as it is 
not always possible to arrange that the ideal ex- 
traction pressures required coincide with turbine 
stage pressures. 


IMPROVEMENT IN HEAT CONSUMPTION. 


The heat consumption of a turbine is a direct 
measure of the coal burned and, therefore, of the 
coal cost per unit. Fig. 3 shows the improvement 
in heat consumption with various steam pressures, 
feed temperatures and number of stages of 
extraction compared in each case with a non- 
extraction turbine for the same _ initial 
pressure and for the same internal efficiency. 
These curves are based upon a 29 in. vacuum, the 
full lines representing two-stage heating, the 
dotted lines three-stage heating and the chain 
dotted lines four-stage heating. The figures on 
the lines are the initial steam pressures. The 
initial steam temperature it may be mentioned 
has no effect on these curves. 

It will be observed from these curves that there 
is an optimum feed temperature for any pressure 


steam 


and number of stages, beyond which point an 
increase in the feed temperature results in a 
decrease in heat consumption improvement. 

The vacuum, however, influences the heat 
consumption improvement and Fig. 4 shows the 
comparative values for a 28 in. vacuum. 

It will be noted from this that the improvement 
for a given final feed temperature is less for 28 in. 
vacuum than for 29 in. vacuum. This is due to 
the range of feed heating being less in the former 
Taking, for example, a_ final feed 
temperature of 300° F. the range of feed heating 
would be 300 — 78.9 = 221.1° F. for the 29 in. 
vacuum as the condensate temperature would be 
78.9° F. 
300 — 101 — 199° F. as the condensate tempera- 
ture would then be LOL’ F. It will be noted that 
the optimum feed temperature is slightly higher 
for the 28 in. vacuum condition—but not by the 


case. 


With 28 in. vacuum the range would be 
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HEAT CONSUMPTION IMPROVEMENT PER CENT. 


on 250 300 350 400 450 
FINAL FEED TEMPERATURE-°F 


same amount that the condensate temperature 
is higher at 29 in. vacuum. 


Errect ON Borer PLAN’. 

So far only the effect of the heat consumption 
of the turbo-plant has been considered. Providing 
the boiler is designed to deal with feed water at 
the temperatures to be delivered to it there is no 
offsetting disadvantage on the boiler side. There 
is, however, one important point to be borne in 
mind in designing the station, namely, the 
method of firing the boiler. In order to conserve 


Fig. 3.—Heat consumption improvement for 29” Vacuum. 
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FINAL FEED TEMPERATURE-°F, 


Fig. 4.—Heat consumption improvement for 28” Vacuum. 
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as much heat as possible in the boiler unit and 
so give maximum efficiency the exit chimney 
gas temperature is, in’ most cases, reduced to 
250/280° F. If the feed temperature to the 
economiser is high, only a small proportion of the 
heat in the chimney gas can be transmitted to 
the feed water passing through the economiser 
and the remainder has to be recovered in the air 
heater. With a stoker-fired boiler a too high 
air temperature will cause uneven combustion 
due to the fuel * pancaking ” and for this reason 
the final feed temperature with this class of firing 
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Fig. 5.—Steam to Condenser, 


is generally limited to about 350° F. The vertical 
dotted lines shown on the curves in Figs. 3 and 4 
denote this limitation. With pulverised fuel 
firing on the other hand, where the combustion 
air temperature is not limited in the same way, 
feed temperatures up to the optimum value for 
any steam pressure may be safely and efficiently 
used, 
Power Input to Pumps, Erc. 

The water flow resistance across the feed water 
heaters necessary for increasing the feed water 
temperature and the greater quantity of water 
to be pumped will naturally increase the power 
input to the condensate extraction pump and the 
boiler feed pump. Offsetting this increase, how- 
ever, there is a saving in the power input to the 
condenser circulating water pump. Fig. 5 shows 
the proportion of steam passing to the condenser 
for the various conditions of pressure, vacuum, 
final feed temperature and number of heaters, 
compared in each case, as before, with a non- 
turbine for the same 
For a given 


extraction designed 


conditions and internal efficiency. 
final feed temperature and steam pressure it 
will be noted that the steam to the condenser is 
correspondingly greater for the vacuum of 28 in., 
this being due to the lower range of feed heating. 


The lesser quantity of steam passing to the con- 
denser in all cases, however, will require less 
circulating water resulting in a reduction in the 
power input to the condenser circulating water 
pumps. For a true comparision, actual site 
conditions must be taken into account for 
obtaining the total auxiliary power input, but in 
general the increase in auxiliary power on the one 
hand is balanced by the decrease on the other. 

Incidentally the condenser surface is corre- 
spondingly smaller on a plant with feed water 
heating giving corresponding saving in the first 
cost of this portion of the equipment. 

CoaL SAVING. 

All comparisons so far have been made on heat 
units but a more tangible comparison is possible 
by converting directly into coal cost. It is 
difficult, however, to make any true comparison 
except by a very exact forecast of the extent to 
which a plant will be in operation for a term of 
years after it has been placed into commission, 
and this, as will be appreciated, is controlled by a 
large number of widely varying factors. 

Fig. 6, based on an operating vacuum of 29 in., 
shows the value of the annual coal saving with 
feed heating for a turbo-alternator set of 30,000 
kW. capacity running for 70 per cent. of the total 
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FINAL FEED TEMPERATURE °F. 
Fig. 6.—Annual Fuel Cost Saving. 
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available time. The heat content of the coal is 
assumed to be 11,000 B.Th.U.’s per Ib. and the 
price £1 per ton delivered to the bunkers. The 
comparison made’ against non- 
extraction turbines designed for the same steam 
and vacuum conditions and having the same 
internal efficiency. 

The actual cost of the feed water heating plant 
can vary over a fairly wide range, depending upon 
whether the heaters can be installed close to the 
turbine and conveniently in the normal direct 
route to the boiler, or whether it is necessary to 
instal them in an inconvenient position involving 
long and difficult pipe connections. The price 
also depends upon the amount of interconnection 
between other plants, the amount of automatic 
and emergency devices required and the number 
of control instruments considered necessary for 
operation. In general terms a two-stage feed 
heating plant within the limits of temperature 
previously indicated would cost for a 30,000 kW. 


as before is 


400 


(3) 
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unit from about £3,000 to £6,000 ; a three- 
stage plant from £5,000 to £10,000 ; and 
a four-stage plant from £8,000 to £14,000. 
It is general to capitalize cost of power 
station equipment over a number of years 
varying from ten to twenty, and if this 
is done it will be seen that the savings 
with feed heating plant will be far in 
excess of the interest and depreciation 
charges on costs of the above order. 


OTHER SAVINGS. 


There are, moreover, other savings 
which are difficult to express in monetary 
terms. 


(1) It has been shown that the coal 
costs are less with feed heating 
than without, and this results in 
conserving the national coal 

resources. 
It has also been shown that for 
a turbine with extraction for feed 
heating the steam supplied to the 
turbine is greater and the steam 
exhausted to the condenser is less 
than on a similar rated turbine 
without extraction. This makes 
conditions for the turbine 
design as it causes an increase in the 
blade heights at the high-pressure end, 
thus raising the efficiency of that portion 
of the turbine, while the smaller steam 
quantity at the low pressure end reduces 
the leaving loss, or alternatively, a greater 
output can be obtained with the same 
leaving loss. 


(2) 


better 


In cases where there is an insufticient 
natural supply of circulating water for 
the condenser, cooling towers have to be 
employed for re-cooling the water for use 
again. With feed heating the steam 
passing the low pressure portion of the 
turbine is reduced, therefore less circu- 
lating water is required for the condensing 
of the steam with a corresponding 


decrease in the capacity and cost of the 
cooling towers. 
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Extra Stream PReEssuRE. 

It will be noted that all the comparisons made 
have been up to a maximum pressure of 1,200 
Ibs. per sq. in. The reason for this is that at 
about this pressure it becomes necessary to change 
from boilers with the normal thermal or natural 
circulation to boilers designed for some form of 
forced circulation. The latter type of boilers 
usually require steam-driven auxiliaries for 
obtaining the forced circulation. The exhaust 
steam is then introduced into the feed heating 
system, thus each plant has to be considered on 
its merits and the previous comparisons which 
have been based on all the heating being done by 
extraction steam do not apply. 

VARIATIONS OF FEED TEMPERATURES WITH 

Up to this point all comparisons have been made 
between different plants, each running at the 
design output which is usually 80 per cent. of 
the maximum continuous rating of the turbo- 
alternator. 

As the load varies on a turbine, all the stage 
pressures are automatically changed under the 
influence of the turbine governor, the pressures 
falling with lighter loads and rising with greater 
loads. The change in absolute steam pressure 
will be approximately proportional to the quantity 
of steam passing through the turbine at any load. 
Thus the extraction pressure at an output less 
than that provided in the design will fall at a 
slower rate than the output, whereas at outputs 
greater than the designed output the extraction 
pressure will rise faster than the output. This is 
due to the steam required to produce 1-kW. hour 
being the least value at the designed or economical 
output. Providing no adjustment is made to 
the isolating valves in the extraction steam pipes, 
the change in pressure will then cause a change 
in final feed temperature. The adjustment of 
valves is unnecessary as the change in feed temper- 
ature suits the boiler operation, since when the 
temperature is low and more heat is required 
from the boiler to produce each pound of steam 
at the specified conditions, a smaller quantity 
of steam is required. Similarly when the steam 
demand is great, due to heavy loading, the heat 
in the feed water entering the boiler will be 


Fig. 7 —Tube element and waterway of 750 sq. ft. 
high pressure feed water heater with U Tubes. 


greater than normal. The final feed tempera- 
tures in the normal feed heating system are 
approximately :— 

O.87T: O.9457T: 1.067 
at the 40 per cent., 60 per cent. and 100 per cent. 
outputs respectively, where ‘ T” is the final feed 
temperature at the 8O per cent. output. 

FEED HEATING SYSTEMS. 

Fig. 8 shows three typical three-stage feed 
water heating systems which are similar in most 
respects but different in one main feature, namely, 
the method of taking care of surges in the system. 
For the purpose of easy comparison these dia- 
grams are in simple form so that only the essentials 
are shown. All control valves, either hand or 
automatic, bye-passes and smaller, though 
important, pipe connections have been omitted. 
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Dealing first with the points of similarity each 
system comprises two L.P. heaters and one H.P. 
heater. The condensate is withdrawn from the 
condenser by the condensate extraction pump and 
delivered through the water side of the steam- 
operated air ejector required to extract the air 
from the condenser. Here the latent heat in the 
steam exhausted from the jets is transferred and 
heats the feed water by approximately 6° F. 
The water is then passed in turn through the two 
heaters of low pressure construction which are 
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supplied with steam from the turbine, the first 
at a pressure below atmospheric and the second 
at a pressure of about atmospheric. In both 
these heaters the extraction steam is condensed 
by the comparatively cooler feed water circulating 
through the tubes. At this point the water 
enters the suction side of the boiler feed pump 
where it is given the necessary pressure in excess 
of boiler pressure to overcome the resistance 
through the remaining portion of the plant and to 
deliver the water into the boiler. Before passing 
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Fig. 8.—Typical Three-stage Feeding Heating Systems, 
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to the boiler plant the water passes through the 
heater of high pressure construction. This 
heater is also supplied with steam extracted 
from the turbine at the requisite pressure where 
the latent heat, plus any superheat the steam may 
possess, is transmitted to the water thus finally 
raising the temperature up to the required value. 
The condensate resulting from the bled steam 
supplied to each heater is pure distilled water and, 
therefore, must be conserved in the system. In 
addition this water will still contain its sensible 
heat which should also be transferred to the feed 
water side. Both these requirements are met by 
cascading this water down to the lowest-pressure 
heater. It would not be possible merely to lead 
a pipe direct from one heater to another of lower 
pressure, otherwise there would be a tendency to 
equalise the pressures throughout the heaters 
which would upset the pressure distribution in 
the turbine and thus seriously affect its efficiency. 
To prevent this happening, traps or orifice 
plates are used which are designed to give 
the necessary pressure difference to balance 
the pressure difference in heaters so connected. 
It is interesting to note what occurs when water 
is led in this manner from one heater to another. 
Take a case where the pressures in two heaters 
are 44 lb. per sq. inch absolute and 15 lb. per sq. 
inch absolute. The boiling point temperatures at 
these pressures are 273° F. and 213° F. respec- 
tively, and it is at these temperatures that 
condensing will be taking place in the heaters. 
The sensible heat in the water leaving the heaters 
would be 241.9 and 181 B.Th.U.’s_ per lb. 
respectively. The water being led from the higher 
pressure heater with a sensible heat of 241.9 
B.Th.U.’s per lb. cannot retain this sensible heat 
in the heater where the pressure is 15 lbs. per sq. 
inch absolute as at this pressure the sensible heat 
of water at boiling point is only 181 B.Th.U.’s 
per lb. There is, therefore, a surplus heat of 
241.9— 181 = 60.9 B.Th.U.’s per lb. A proportion 
of the water at the higher temperature, on having 
its pressure reduced, immediately flashes into 
steam at the lower pressure where the latent heat 
60.9 
970.2 


= 0.063 lb. of vapour is flashed from each pound 


is 970.2 B.Th.U.’s per lb. The result is that 


of water led into the lower-pressure heater and 
this vapour is condensed thus giving up its latent 
heat to the water passing through the tubes. 
This is, of course, in addition to the heat obtained 
from the extraction steam. When the drain 
water has been cascaded down to the lowest- 
pressure heater it still has to be introduced from 
the steam side of the circuit into the boiler side. 
Sometimes this is arrangei by passing the drain 
water back to the condenser either direct or 
through a drain cooler where a further portion of 
the sensible heat is recovered. In either case it is 
impossible to recover all the sensible heat, but in 
the alternative system, as shown in Fig. 8, 
the drain water leaving the lowest-pressure heater 
is pumped direct into the feed main so that all 
the sensible heat contained in the water is retained 
in the system. 

Now for the point of difference in the three 
systems. The quantity of water being pumped 
by the condensate extraction pump is seldom 
exactly the same as that being handled by the 
boiler feed pump as this latter pump is dependent 
upon the requirements of the boiler and is con- 
trolled by a feed regulator. To allow these 
variations to take place in both directions, with- 
out on the one hand flooding the condenser and 
on the other starving the boiler, some form of 
storage tank has to be introduced into the 
system. In the design of this portion of the 
plant, special consideration has to be paid to the 
need for keeping oxygen out of the system as 
this has a very detrimental effect on the boiler. 
The oxygen content of the water leaving the 
condenser is small and if the system can be kept 
closed no damage will occur even on high-pressure 
boilers. The oxygen content of the water leaving 
a well designed and maintained condenser may be 
of the order of 0.03 ¢.cs. per litre of water, 
whereas cold water in free contact with air will 
have an oxygen content of about 6 c.cs. per litre 
of water. It is, therefore, important that any 
water led into the system from an open tank must 
be introduced in such a manner that the surplus 
oxygen is extracted before the water is passed 
on to the boiler. In the first system, two tanks 
are employed, a surge tank and a reserve storage 
tank. If the boiler feed pump is requiring less 
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water than the quantity being delivered by the 
condensate extraction pump the surplus water 
will pass up to the surge tank and will at times 
overflow into the reserve tank. Conversely, water 
will at first flow from the surge tank until the water 
in the tank falls to the level when the float in this 
tank causes a valve to open in the pipeline between 
the reserve water tank and the condenser thus 
allowing water to pass to the condenser where it 
will join the feed system. In the condenser the 
air absorbed in this water will become released 
under vacuum conditions and be extracted by the 
air pump of the condenser. 

The second system employs what is known as a 
feed controller. Here one tank is installed but 
there is no direct connection from this tank to 
the feed main. The controller has three con- 
nections, one to the condenser, one to the feed 
main and the third to the reserve water tank. 
The controller has float-operated valves so 
arranged that there is a neutral position where 
none of the three connections are in communica- 
tion with one another. Should, however, the 
boiler feed pump require more water than is 
available from the condenser, the level on the 
suction side of the extraction pump will fall and 
the surge connection will be in communication 
with the condenser connection allowing water to 
flow from the surge tank into the condenser until 
balance is restored. The whole of the water 
entering the system will then become de-aerated in 
the condenser in a similar manner to a portion of 
the water in the previous case. A surplus of 
water at the condenser end of the system due to 
the boilers requiring some lesser quantity will 
cause the feed main to communicate with the 
surge connection allowing the surplus to pass to 
the reserve tank. An emergency connection is 
provided with a loaded non-return valve which is 
normally kept closed due to the pressure developed 
by the condensate extraction pump on the under 
side of the valve. Should the feed controller be 
unable to cope with any sudden large demand the 
boiler feed pump will, when requiring more water 
than the normal system can provide, reduce the 
pressure under the valve and the valve will open. 

The third system is fitted with a de-aerator, 
which is installed directly after the surge con- 


THE ENGLISH ELECTRIC JOURNAL 
nection where the water in the tank is merely 
floating on the feed line. This de-aerator may be 
of the physical type where there is a pressure 
reduction in the body due either to an extraction 
air pump or to a connection to the condenser. 
This causes partial flashing of the water into 
vapour in the manner previously described. 
The de-aerator on the other hand, may be of the 
heating type supplied with extraction steam from 
the turbine, in which case it takes the place of 
one of the normal type feed water heaters as 
shown in Fig. 8. In this type the water is raised 
up to its boiling point by the incoming steam and 
some of it is turned into vapour which in turn 
is condensed by the incoming water. 


PosiITION OF BoILER FEED Pump. 


made to heaters of low 
pressure and high pressure construction and these 
terms refer to the water pressure in the heater 
tubes, thus low-pressure heaters are located on the 
suction side of the boiler feed pump and high- 
pressure heaters are those on the delivery side. 
It is, therefore, necessary to consider the factors 
which determine the position of the feed pump in 


Reference has been 


the system, as it is obviously easier to design and 
cheaper to make low-pressure heaters than high- 
pressure heaters. The description of the various 
systems has shown the necessity for some form of 
storage tank which at certain conditions of 
operation affects the pressure on the suction side 
of the boiler feed pump. The lowest curve on 
Fig. 9 shows the pressure expressed in feet head 
of water column at which water at various 
temperatures will boil, for example, water at 
220° F. will boil at a pressure above atmosphere 
equal to that exerted at the base of a column of 
water 6 ft. high. If water at this temperature 
is led to a boiler feed pump its pressure must be 
such that ebullition does not occur otherwise the 
pump would be called upon to deliver a mixture 
of water and vapour and its output quantity 
would become seriously lessened due to the volume 
of vapour so formed being greatly in excess of 
the volume of water. It is well known that 
water gives off a considerable quantity of vapour 
even before the boiling temperature is reached. 
To ensure the pump does not become vapour 
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locked the water must be supplied at such a 
pressure that no vapour will be formed and the 
second curve shows the minimum pressure 
required at the boiler feed pump for various 6 
temperatures of water being pumped; the differ- 
ence between these two lines represents a margin 


of 15 ft. The water in the open surge tank must SOF - —- 
also be kept at a temperature which will prevent 
vapour forming to the atmosphere, thus the tank 
is usually connected to a point where the feed 40 
temperature is about 160° F. to 170° F. This 

point of connection will be before the heater 

preceding the boiler feed pump and when water is 30 
flowing along the feed main there will be a lower 
pressure at the boiler feed pump suction than at 


the point of connection of the surge tank, due to 20 
the resistance to the flow. The relative position 
of the above two points will affect the magnitude 
of flow resistance and the next three lines on the 
graph show the effect if the friction between the 
two points mentioned is 5, 10 and 15 ft. 
respectively. Thus if the friction is 15 ft. the 
minimum level of the bottom of the tank will need 
to be 37 ft. above the centre line of the boiler feed 
pump suction. In general terms a temperature 
of about 220° F. is the maximum permissible at 
the boiler feed pump suction when the pump is 
mounted on the turbine floor level but can be 
slightly exceeded if the pump is at basement 
floor level. The curves rise steeply and it will be 
seen that if the water at the boiler feed pump 
suction is increased to 250° F. the surge tank 
would have to be located on a floor about 70 ft. 
above the pumps and such a level would be higher 
than the turbine house, making a special structure 
necessary with the additional need of enclosing 
the tank in such a manner as to prevent contamin- 
ation of the water and the possibility of freezing 
when the plant is not in operation. Fig. 9.—Boiler Feed Pump Suction Conditions. 
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“English Electric” ‘rolley Bus Equipment 
Development. 
By E. A. WILDEY, Traction Department. 


No type of traction equipment has been subject 
to more change in design in a comparatively short 
time than that 
been due largely to the keen competition with 


for trolley buses. This has 


The 
pioneer in the development of trolley buses, 
having built their first vehicles some 28 years ago, 
and it is thought, therefore, that a review of the 


English Electric Company has been a 


I.C’. buses and the demand for maximum passenger activities in this field will be of interest. 


‘apacity within the limitations imposed by regu- Mam Tracriox Moror. 
lating Authorities both at home and abroad. The first equipments employed a single, 
straight series wound motor, but later the twin 
armature motor was developed in order to enable 
series-parallel control to be used. While in other 
branches of electric traction this system has 
proved economical in that resistance losses are 
reduced, extensive trials on trolley bus services 
demonstrated insufficient advantages to warrant 
the additional complications and weight when 


Despite the tendency towards elaborating equip- 
ment and protective devices, better performance 
has been given with a decrease in the weight of 
the equipment. 


considered against the loss in seating capacity. 

A return to the single-motor equipment was 
therefore made with particular attention to 
increasing the horse power and reducing weight. 
At the same time the possibilities of economic 
speed control by means of field weakening were 
further examined, with the result that the super- 
saturated or augmented field motor came into 
prominence. A low full-field speed characteristic 
economises the time and therefore the losses 
expended in the starting resistances and thereafter 


Fig. 1.—Typical 20 H.P. motor built in 1919 ; in 1924 
the output of a motor of similar dimensions was improved 


to 40 H.P. 


The conditions of operation are 
more arduous than those found 
on any form of rail traction, as 
with a trolley bus 6 to 8 schedule 
stops per mile are quite usual 
and traffic congestion may easily 
double this number. Further, 
due to the high factor of adhesion 
of rubber tyres, starting peaks 
are of the order of 200 to 300 per 
cent. of the one-hour rating in- 


stead of the 150 per cent. usually 


associated with rail traction. Pig. 2.100 H.P. Twin Armature Motor built in 1928. 
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Fig. 3. 
1937, showing Low-tension Lighting Generator mounted on the end 
of the Main Motor. 


115 H.P. Motor arranged for coach ventilation 


the speed is increased by successive steps of field 
weakening. The motor is thus characterised by 
having an extremely strong full field which can 
be weakened over a wide range and it is rated 
at some intermediate value of the field. 

Later the 


into general use and is to-day practically standard 


compound wound motor came 
on trolley bus equipments. In addition to pro- 
viding a wide range of field control, as in the 
‘ase of the augmented field motor, it also possesses 
the additional advantages of electrical stability 
when generating. Naturally, with an electric 
vehicle rheostatic braking was introduced in the 
early stages, but with the plain series motor 
there was one great disadvantage, namely that 
when the rheostatic up 
at high vehicle speeds, excessive voltages were 
generated across the armature, with the conse- 
quent risk of flashovers and the imposition of a 
severe strain on the transmission. 


brake circuit was set 


These features 


built in 


Fig. Hand-ope rated Troll hus controller 
(modified tramway type) built in 1919. 


are inherent in the plain-series motor and though 
they can be overcome by providing additional 
control apparatus, the compound wound machine 
possesses inherent characteristics which do not 
give rise to the aforementioned disadvantages. 

The next stage of motor development was 
the Series Dynamic (S.D.) machine, which 
is also compound wound and therefore 
possesses electrical stability while braking. 
The particular features are a limit to the 
amount of current which is returned to 
the line when working as a generator, and 
a very wide range of field control when 
as operating as a motor, 

The progress of design is well illustrated 
by the three photographs of * English 
Electric trolley bus motors, shown in 
» 


4. 


Curve illustrating reduction effected in lbs, weight per HAP. 
for Trolley bus Motors between the years 1919 and 1939, 


Figs. 1 to 3, and by the graph in Fig. 4, 
which shows the steady decrease in weight 
per horse power obtained over the past 


20 vears. 
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at the side of the controller, as 
shown in Fig. 8, thus enabling the 
cable bundles to be pre-formed 
at the works. This arrangement 
facilitates the testing out for 
correct sequence and avoids the 
necessity of carrying out such 
work at the chassis-builder’s or 
body-builder’s works. 


The most important part of the 
remote control gear is the con- 
tactor and before standardising 
on the magnetic type shown in 
Fig. 9 exhaustive experiments 
were made to perfect the mech- 
anical and electrical details. 


The trolley bus contactor must 
be capable of satisfactorily work- 
ing over a very wide range of 
current as every-day operation 
entails breaking current from a 
few amperes up to 350 or even 


big. 6.—Direct type foot-operated controller (1928 type) to give serics- 450 amperes, depending on the 
parallel control for a 100 H.P. Motor. setting of the protective devices. 


CONTROL. 

Early types of control gear were of the direct- 
operated type, first hand-operated and_ later 
foot-operated types shown in Figs. 5 and 6 respec- 
tively, but with the increasing output of the 
motor and the need for minimising the physical 
effort required of the driver, this form of control 
was superseded by the remote-operated type. 

With the advent of air brakes on trolley buses, 
one interesting example of control gear developed 
by the Company was that of the direct type 
with the camshaft operated by a compressed air 
motor, as illustrated in Fig. 7. This, however, 
was not suited to the exigencies of trolley bus 
service due to the inherent time lag of a camshaft, 
and was superseded by remote control of individual 
contactors. 

The feature of the Company’s remote control 
system is the unit construction which affords 
appreciable advantages in the mounting of the 
equipment, and in its The con- Fig. 7.— Direct-type controller with pneumatically-operated 
tactors are grouped on a panel which is mounted , camshaft. 
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Fig. 8.—Modern cab-mounted Contactor Group and Master Controller, 


showing unit construction. 


The operating coils must exert sufficient contact 
The 
average line voltage is usually 550 but the con- 
tactor depicted in Fig. 9 
operation down to” 225 


pressure even with a very low line voltage. 
gives satisfactory 
volts and the design is 
such that when it operates it is definitely sealed 
and does not open and close due to variations in 
the line voltage. Mechanically it fulfils the 
requirements that there should be few 
moving parts and that these should incor- 
porate large bearing surfaces, also the 
need of frequent lubrication is avoided. 


The success of the present design may 
be gauged by the condition of a contactor 
recently dismantled after performing 
approximately 1,800,000 operation cycles 
in actual service. No wear could be 
detected in the fulcrum pins or bearings 
and no burning had occurred in the are 
chutes. 


The master controller shown in Fig. 10, 
though dealing with very small currents, 
nevertheless is associated with highly 
inductive After considerable 
research the Company adopted a com- 
bination of metals for the fingers and 
segments which gives mechanically an 
extremely long life and_ electrically, 


circuits. 
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freedom from burning by the in- 
ductive are which accompanies 
the breaking of the operating- 
coil circuits. 

SYSTEM OF CONTROL. 

The first form of control used 
followed by 
series-parallel in conjunction with 
the double- armature 
referred to previously. 


plain-series, 


motor 
As mentioned earlier, rheostatic 


braking was introduced in the 
comparatively early days with 


the series and series-parallel 
equipment. 
Later, regenerative - control 


became popular because of the 
combination of controlled electric 
braking and the possibility of 
effecting economy by virtue of returning current 
to the line during this period of retardation. 
While appreciating the advantages offered by 
the compound wound motor for braking, the 
Company hold the opinion that little current 
economy would be effected by regeneration except 
on a few systems where conditions make this 


Fig. 9.—Typical Main Power Contactor, 
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Fig. 10.—-Combined Master Controller, Reverser and Brake Switch. 


type of control ideal; such routes, for 
example, would be those where the value 
of the grade coincides with the torque 
required to keep the vehicle at a steady 
speed, and even then much depends on 
the manner in which the driver uses the 
regenerative brake. The amount of re- 
generation largely on the 
difference between the maximum speed 
attained and a minimum speed deter- 
mined by the motor full field speed curve, 
which is usually about 13 m.p.h. Owing 
to traffic conditions and frequency of 
stops the range over which regeneration 


depends 


is effective is comparatively small. ‘To 
provide continuous electric braking a 
rheostatic brake circuit can be made at 
speeds below the limit of regeneration, 
but it is more common to arrange the 
rheostatic brake circuit so that it can be 
made at any speed. 


Figs. 11 and 12 show two methods of 


operating the same schedule speed with 
and without regeneration, and it will be 
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noted that if the driver employs regenera- 
tion to its best advantage a saving can be 
effected, but this necessitates reaching a 
higher maximum speed. The net saving 
shown is 7.5 per cent. under this some- 
what ideal method of operation. 
Negenerated current is only acceptable 
if there is a traction load to absorb it, 
for the process of passing it through or 
dissipating it in the substation is neither 
efficient 
available load, the line voltage rises un- 


nor economic. If there is no 
duly and additional apparatus has to be 
installed either on the vehicle or in the 
substation to limit the surges. Again the 
introduction of mercury-are rectifiers has 
ruled out the possibility of reverse current 
being passed through the substation. 
With this point in mind the Company 
developed the Dynamic (S.D.) 
provides 


Series 
equipment, which controlled 
electric braking without the disadvantages 
hitherto experienced with regenerative 
equipments, when operating on a route 


ig. 


t ; 
11.—NSpeed ti 


t 


me curve illustrating the usual method of Trolley bus 
driving. 
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Fig. 12.—Speed time curve illustrating how the same vehicle (see 
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curve Fig. 11) should be driven to obtain maximum regeneration. 


not suited to regeneration. The 
compound motor is retained but 
its characteristics are such that 
only a limited amount of regenera- 
tion is possible. 

The maximum regeneration 
with this system limits the line 
pressure to 750 volts under the 
most unfavourable conditions, 
while its braking characteristic is 
best illustrated by reference to 
Fig. 13, where a comparison is 
made between the four systems 
previously — mentioned. The 
dangers of overstressing — the 
transmission are evident from 
the characteristic associated with 
the straight series motor. The 
straight regenerative curve while 
showing a limited braking effort 
emphasises its rapid decrease as 
the speed falls to a definite mini- 
mum value. Rheostatic braking 
can be made effective practically 
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over the whole speed range and with 
the 8.D. control in particular the applica- 
tion gives a steady characteristic free 
from a maximum braking effort at some 
intermediate speed. 

A further development in control gear 
is automatic acceleration to provide fast 
and smooth starting. Ona route having 
many stops per mile, high schedule speeds 
can only be achieved by obtaining maxi- 
mum acceleration in minimum time up 
to as high a speed as possible, but with 
such a change in rate that the passengers 
are not subjected to discomfort through 
excessive jerks. The * English Electric ” 
automatic accelerating system, while pro- 
viding maximum acceleration, can, if 
necessary, be used by the driver in such 
a manner that he can proceed at a lower 
rate consistent with traffic conditions. 
Fig. 14, Curve B, shows the smooth 
rate of acceleration obtained on a_ test 
utilising the same number of control 


| SERIES MOTOR 


REGENERATIVE. 


RHEOSTATIC BRAKE 


Fig. 13. 


| 


Braking effort curves for series regenerative and series dynamic type motors. 
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be seen to the right in Fig. 3, in 
addition to effecting a consider- 
able saving in weight, has several 
advantages. One small high- 
tension machine is dispensed with, 
no bearings are required, and no 
vibration is transmitted to the 
bus and the noise associated 
with a motor generator set is 
eliminated. 


ANTI-INTERFERENCE 
DEVICE. 
Concurrently with the develop- 
ment of trolley buses the wireless 
industry has grown, and as the 
former can create interference to 
wireless reception in close proxi- 


WIRELESS 


Fig. 14.— Acceleration curves obtained with Standard, Automatic and Multi- 
notch control systems. 


steps as on a standard equipment, and this can 
be compared with Curve A, which shows the 
result obtained by an average good driver 
accelerating with a standard type of control 
equipment. 

Curve © of the same figure shows another 
means adopted to provide smooth acceleration, 
There is nothing 
particularly novel in this system except that the 
result is achieved with the of very few 
additional pieces of apparatus. 


namely, multi-notch control. 


use 


LIGHTING EQUIPMENT. 

Originally supply for lighting was fed direct 
from the overhead line, but with the introduction 
of all-metal bodies, the Ministry of Transport 
regulations insisted upon a separate source of low- 
tension supply. Thus, a motor generator set was 
developed, first as a twin machine having an 
output of .75 kw. and weighing 270 lbs., and then 
as a single-shaft machine having an output of 
1 kw., the weight being reduced to 243 Ibs. 
A few years ago the Company designed a generator 
weighing only 160 lbs. for mounting direct on 
to the main motor, and this generator, which can 


mity to the routes, means had 
to be devised to prevent such 
The early method 

adopted was to employ two choke 

coils interposed in the power cir- 
cuit of the vehicle, and as these coils were required 
to carry the main traction current of the vehicle, 
they were extremely heavy. After considerable 
research an equipment was produced which in 
addition to saving weight is much more efficient. 


interference. 


~Double-hump type Radio Interference Suppressor, 
used in 1933—wweight 133 lbs. 


—_ 
< 
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A B.S.1. specification has recently been issued 
limiting the permissible interference to wireless 
reception. A decibel scale has been adopted as 
the standard unit and the maximum limit fixed 


at 40 decibels. 


Since some common forms of interference have 
a field strength corresponding to 80 decibels, very 


efficient suppression methods must be adopted 


Fig. 16.—Latest type Radio Interference Suppression 


coils—weight 14 lbs. 


. to effect a reduction to 
40 this 
necessitates suppressing 
the field strength to 1 per 


cent. of its original value. 


decibels, for 


Fig. 15 shows the original 


INTERFERENCE SIGNAL STRENGTH DECIBELS. 
+ 
c 


iy 


Fig. 17.—Curves illustrating the comparative efficiencies of the old and modern Radio 


Interference Suppression coils. 


NG METERS WAVELENGTH. | 


form of what was known 
as the double-hump type 
suppressor, whilst Fig. 16 
shows the new form of 
wireless suppression coil. 
Fig. 17 clearly indicates 
the efficiency of the latest 
the 
whole band of frequen- 


development over 


cies. 


Wetness in Steam Turbines. 


By L. C. HOOKINS, A.M.1.Mech.E., Steam Turbine Department. 


Following the article on this subject which 
appeared in the English Electric Journal of 
July, 1938 (Vol. IX, No. 2), and in response to 
requests received for further information on the 
effect of different methods of operation on the 
formation of water in steam turbines, the following 
is a brief resumé of this aspect of the problem. 


The variations in operation which have most 
influence are firstly, the frequency with which 


the turbine is taken in and out of service, and, 
secondly, the loads under which the turbine is 
operated, the most economical load being the 
standard of reference. 


due to a number of 
factors whose importance will generally pre- 
dominate over the question of water formation. 
Nevertheless, the latter consideration may be 
borne in mind and these notes may be of service 


These variations are 
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in choosing, from otherwise equal alternatives, 
the one which will tend towards a minimum of 
water in the turbine. 


Considering the first point, considerable quanti- 
ties of water may be formed each time steam 
is admitted to the turbine, the quantity varying 
according to the condition of the turbine, i.e., 
whether it is hot or cold. From the point of 
view of blade erosion, water formed at starting 
will not do much damage until the rotor is 
revolving at a high speed, so that from this 
consideration the ideal would be to warm up 
the turbine before setting the rotor in motion. 
Unfortunately, however, this cannot be done as 
it is essential, in order to heat up the rotor and 
castings uniformly, to start the former turning 
as soon as possible after steam is first admitted. 
Otherwise unequal heating, with the consequent 
risk of distortion, may be set up. This necessity 
being accepted, the next best procedure from 
the point of view of preventing blade erosion is 
to warm up the set and put it on load as quickly 
as possible compatible with safety, so that it 
reaches normal working temperatures in a 
minimum of time. 


Another aspect of the effect of water on blading, 
apart from wear due to erosion, is provided by 
considering the action of moisture when the tur- 
bine is standing. At such times, with air present, 
moisture may set up severe corrosive action, and 
great care should be exercised to ensure that no 
water is left inside a turbine after it has been 
taken out of operation. This can be obviated 
by continuing to run the condensing plant after 
the steam has been shut off from the turbine, 
thus carrying away all residual steam and also 
removing any water which may have been present. 
Such water is removed as under these conditions 
the whole of the interior of the turbine is under a 
vacuum, while at the same time it is at a con- 
siderable temperature owing to the residual 
heat in the casing and rotor. Any water in the 
turbine evaporates as the casing is evacuated 
and the steam is then removed by the condensing 
plant. 


Corrosion may be set up also when the turbine 
is standing, by steam entering through a leaky 
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valve. This should be prevented by closing the 
isolating valve in the steam main if the turbine is 
to remain out of operation for any considerable 
time, and not relying entirely on the turbine 
stop and emergency valve, as this type of valve 
cannot be regarded as being absolutely steam 
tight. Furthermore, all drains after the isolating 
valve should be left fully open. 


A method of blade preservation during standing 
times, formerly fairly widely used, was to provide 
paraffin injection apparatus. The paraffin was 
injected, at some convenient point in the inlet 
belt of the turbine, when shutting down, so that 
the last of the steam to enter carried paraffin and 
thus gave the blading a thin coat of preservative. 
This method, however, is now seldom used as 
the present increasing use of stainless materials is 
to some extent lessening the effects of corrosion, 
but precautions in shutting down to ensure a 
dry turbine should still be taken, as the use of 
stainless materials is generally restricted to the 


blading. 


Considering the second main point, the effect 
on wetness of the load under which a turbine is 
operated, this is influenced very greatly by the 
system of governing adopted, which may be 
one of two methods. The first is governing at 
partial loads by throttling, i.e., by wire-drawing 
the steam at the governing valve, all the economi- 
cal load nozzles being in use at partial loads 
but, as a consequence of the throttling, 
supplied with steam at a reduced pressure. The 
second method is governing by means of nozzle 
control. In this system the economical load 
nozzles are divided into a number of groups 
each of which is supplied by its own governing 
valve, these valves being brought into operation, 
or closed down, successively, according to load 
fluctuations. The effect of this system is, con- 
sidering the matter broadly, to keep the steam 
pressure at the inlet of the first stage nozzles 
approximately constant, the variation in steam 
quantity corresponding to changes in load being 
effected by varying the number of nozzles in use. 


Overloads also may be obtained by the employ- 
ment of one of two alternative schemes, i.e., 
by nozzle control, an additional group of nozzles 
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being brought into use for 
loads above economical i 
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formed at partial loads as 
against that at the econo- 
mical load, Fig. 1 shows the Willans’ Line for a 
turbine plotted on a percentage basis, the 100 per 
cent. load being the maximum continuous rating of 
the machine, and 80 per cent. being the economical 
load. As the latter is the designed load the 
corresponding steam quantity has been desig- 
nated the 100 per cent. quantity. Fig. 2 
the expansion lines for various loads plotted 
on the Total Heat—Entropy Chart (described in 
greater detail in the previous article)* for a 
turbine designed to work with steam at the 
stop valve at a pressure of 400 lbs. / sq. in. 
gauge, and a total temperature of 800 deg. F., 
expanding to a vacuum of 29 inches Hg. at the 
economical load. On the full line diagram, BE 
represents the expansion of the steam at the 
economical load, the points 1, 2, 3, ete., indicating 
the condition of the steam at the inlets of the 
corresponding stages. 


Fig. 1.—The Willans’ 


shows 


The dotted line diagrams show the expansion 
lines at 60 per cent. and 40 per cent. loads in 
the case of a turbine governed by throttling 
and the chain dotted lines where nozzle control 
is exercised at those loads. It should be pointed 


* See * Wetness in Steam Turbines” by L. C. Hookins, 
“ The English Electric Journal,” July, 19388 (Vol. IX., 
No. 2). 


Line for a Turbine, plotted on a percentage basis. 


out here that in the interests of clarity, only a 
few stages have been shown; actually a turbine 
having the internal efficiency indicated would 
possess many more stages of smaller size. For 
similar reasons the Willans’ Line, Fig. 1, repre- 
sents the steam consumption for both systems of 
governing. In practice there would be slight 
differences in the consumption, but the main 
argument is not affected. 


The position of the expansion lines is arrived 
at by making use of the fact that when various 
amounts of steam are caused to flow through 
a series of compartments and the areas of the 
passages between them are unaltered, then the 
absolute pressures in the several compartments 
will vary almost exactly in direct proportion to 
the amount of steam flowing. 

For determining the pressures in different 
stages of a turbine the casing may be regarded 
as consisting of a series of compartments, the 
passages in between being provided by the 
So long as the nozzle 
areas of the stages remain unaltered, then the 
pressures throughout the stages will vary from 


nozzles in the diaphragms. 


the design pressures in the ratio of the quantity 
flowing to the design quantity. In the case of 
throttle-governing all the nozzle areas are fixed. 


AY 
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Fig. 2.—Heat-Entropy chart, showing steam expansion lines for various turbine loads, 


Referring to Fig. 2 point A shows the pressure 
and temperature of the steam at the stop valve 
and point B after the throttle valve, i.e., at the 
inlet to the first stage nozzles at the design 
(economical) load. Here the pressure is shown 
as 394 lIbs./sq. in. absolute. Fig. 1 shows that 
if the design steam quantity is taken as 100 per 
cent., then the quantities at 60 per cent. and 40 
per cent. loads are 77 per cent. and 54 per cent. 
respectively. Hence at these loads the steam will 
be throttled to inlet pressures of 303 and 212 lbs., 
sq. in. absolute respectively (see points C and D). 

The four points A, B, C and D lie on a constant 
total heat line drawn from A, since the steam, 
doing no work, does not give up heat in the 
throttling process. The pressures and _ total 
heat being thus known, points C and D are fixed. 


The internal efficiency of a turbine, providing 
that nozzle areas are unchanged, and on the 
basis of the adiabatic heat drop available at the 
nozzle inlets, remains remarkably constant at 
partial loads and until comparatively light 
loads are reached, so that the condition lines for 
the 60 per cent. and 40 per cent. loads may be 
drawn parallel to that of the economical load. 
A parallel line does not in fact represent quite 
the same internal efficiency but it is a convenient 
approximation sufficiently near for the present 
purpose. 


The pressures at the remaining stages may be 
calculated in the same way from the design 
pressures, and the intersection of the appropriate 
pressure lines with the condition line gives the 
condition of the steam at each stage. In the 


its 
1% 
ete 
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diagram, these points have been given the same 
numbers as shown on the economical load line. 


It will immediately be noticed that the points 
representing the inlet conditions at any one stage 
at various loads lie approximately on a constant 
total heat line and this is a feature of a throttle- 
governed turbine. Although the pressure at any 
stage has fallen with the load, the entropy of 
the and the total heat 
remains the same, with the consequence that the 
steam has improved in condition, i.e., has in- 


steam has increased 


creased its superheat in the superheat region, or 
has become drier in the wet region. 

Thus, for example, the steam at the inlet to 
Stage 6 is 97.2 per cent. dry at economical load 
whilst it is 98.5 per cent. dry at 40 per cent. 
load, and the corresponding figures for Stage 7 
are 93.25 per cent. and 94.6 per cent. respec- 
tively. The condition of the steam at the exit 
of the last blade does not follow on similar lines 
as the pressure here is not governed by steam 
flow laws but is determined by the condenser. 
The vacua indicated on the diagram, 29.11 in. at 
60 per cent. load, and 29.2 in. at 40 per cent. load, 
against 29 in. at economical load, are those which 
would be expected under normal conditions. 

Digressing from the subject in hand, it is inter- 
esting to note on the diagrams that with the 
exception of the last stage, the heat drop across 
any stage remains substantially constant under 
varying loads. This is a feature of the behaviour 
of turbine stages under fluctuating steam quanti- 
ties; any stage which has constant steam flow 
areas will extract approximately the same amount 
of heat from the steam whatever the load. The 
exception to this lies in the stages towards the 
exhaust end where, as previously noted, the 
flow is influenced by the action of the condenser, 
The number of stages at the exhaust end affected 
by change of load depends upon the design of 
the turbine and the amount of heat extracted 
by those The 
influence of reduction in steam flow spreads up 
the turbine from the exhaust end as the steam 
quantity becomes less, but at any other than light 
loads this influence is confined to a small portion 
of the turbine. 


stages at the designed load. 
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Returning to the question of water formation 
at partial loads and considering the case of a 
turbine governed by nozzle control, quite a 
different state of affairs is revealed as compared 
At 60 per cent. and 40 per 
cent. loads the number of nozzles in use is designed 


to throttle governing. 


to admit just the amount of steam necessary for 
maintaining those loads with full steam pressure 
at their inlets. The areas of the nozzles of the 
remaining stages, however, being unaltered, the 
pressures in front of all stages with the exception 
of the first, fall in accordance with the steam 
quantity, i.e., to practically the same pressures 
as obtain under throttle governing. 

The first stage, however, hag had its inlet 
pressure artificially maintained to the design 
pressure, while its exhaust pressure, regulated 
by the unchanged area of the second stage has 
fallen. Hence the heat drop across the first 
stage is considerably greater at partial loads. The 
steam velocities, therefore, will be greater and 
as the blade speed remains constant, the blade 
angles will not be ideal and there will be in 
consequence a slight falling off in efficiency as 
compared to the designed load. 

This is illustrated by the position of the chain- 
dotted diagram for the first stage at 60 per cent. 
After the first stage, 
the areas of the succeeding stages being unaltered, 


and 40 per cent. loads. 


the expansion lines at these partial loads continue 
approximately parallel to that of the economical 
load. They are much nearer to it than in the 
case of throttle governing, i.e., the entropy has 
not increased to the same extent so that the steam 
does not improve in quality, and in the wet 
region it is wetter than it would be under throttle 
governing. This is seen on the diagram where 
the dryness of the steam falls from 0.972. at 
economical load to 0.967 at 40 per cent. load 
at the inlet to Stage 6, and from 0.9325 to 0.929 
in the case of Stage 7. 

It must be emphasised that the steam quality 
figures quoted here and shown on the heat chart 
are applicable only to the conditions assumed 
in this instance and to a turbine designed for 
the heat drops shown ; this design is, as mentioned 
previously, rather an extreme case, which has 
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been adopted to avoid a confusion of lines, and 
to indicate as clearly as possible the relative 
effects of the two governing systems. 


With a more normal design of high-efficiency 
turbine the stages would be more numerous and 
each stage would be designed to extract less heat 
than in the example given. 


In the case of the first stage the effect of this 
with nozzle control would be that the increase 
in heat drop would be relatively much greater 
than in the example chosen. Hence the falling off 
in efficiency of the first stage would be greater 
and the expansion line of the remaining stages 
would lie more to the right of the chart, i.e., 
nearer to the throttle governing expansion line. 
A study of the chart will show that the increase in 
wetness will then not be so pronounced as in the 
given example, although the amount of water 
will always be somewhat greater than in the case 
of pure throttle governing. 


Considering now the influence of overloads 
on the condition of the steam throughout the 
turbine, the faint full lines in Fig. 2 show the 
state of the steam before and after the first stage, 
which in this example is bye-passed by a portion 
of the steam. The inlet pressures of all stages 
apart from the first will be increased over the 
pressures at economical load, approximately in 
the proportion 131 to 100, these being the percent- 
age steam weights read from Fig. 1 at maximum 
and economical loads. It will be seen that the 
inlet pressure at Stage 2 has increased from 205 
to 268 lbs./sq. in. absolute, with a consequent 
reduction in the heat drop across the first stage. 
As the steam velocities will be thereby reduced, 
the stage will not be quite as efficient as at the 
design load, so that the steam which flows 
through the first stage nozzles will be in a con- 
dition at the end of the stage as indicated by point F. 
In the example chosen the amount of steam 
passed by the first stage nozzles will be approxi- 
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mately 70 per cent. of the total flowing and the 
remaining 30 per cent. will be bye-passed round 
that stage and will be throttled by the bye-pass 
valve to the pressure existing after the stage and 
will therefore enter the turbine in a condition 
represented by point G. The condition of the 
mixture of the two streams as it enters Stage 2 
is obtained by weighting the quantities by their 
respective total heat values which gives the total 
heat of the mixture. Point H is at this total 
heat and a pressure of 268 lbs./sq. in. absolute, 
so that the overload expansion line for the 
remaining stages may be drawn on the diagram 
from that point, parallel to the economical 
load line. If this is carried out and the overload 
stage pressures be marked off, it will be seen that 
the steam at any one stage is more highly super- 
heated or is drier at overload than at the economi- 
cal load. This is an invariable rule with bye- 
pass overloads, and it also applies, although to a 
lesser extent, to overloads obtained by nozzle 
control. In the latter case the expansion line 
for Stage 2 onwards may be drawn from point F. 


Summarising : where throttle governing is 
employed the moisture content will always be 
at a maximum value at the economical load 
the steam being drier at partial loads and over- 
loads. 


With nozzle control governing, the moisture 
at the partial loads where such control is exercised, 
will vary between a constant value and_ the 
slight increase shown in the somewhat extreme 
example chosen here. At overloads the amount 
of water will be less than at economical load. 


As regards the moisture at the last blade, the 
quantity at loads other than the design load 
depends in some degree upon the design of the 
condenser in relation to the circulating water 
temperature, but in general it may be stated 
that as shown in Fig. 2 the maximum amount 
will always exist at the economical load. 
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Established 1868 


WEDNESFIELD, Nr. WOLVERHAMPTON 


Manufacturers of 


BLACK SHEETS, CLOSE ANNEALED SHEETS, 
CR. & CA. SHEETS, PATENT FLATTENED SHEETS, 
PLATES, + THICK & UNDER, CIRCLES, Etc. 
ALSO SPECIAL DEEP STAMPING & WELDING 
QUALITY. 
WEDNESFIELD STEEL CO WORKS MIDLAND SHEET CO 


WEDNESFIELD, Nr. WOLVERHAMPTON. BRICKHOUSE WORKS, WEST BROMWICH. 
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ASSOCIATED BRITISH MACHINE TOOL MAKERS | 
|\7 Grosvenor Gardens, LIMITED. London, S.W.| 


The ABMTM group of machine-tool makers covers the whole 
field of machine-tool building, giving the engineer at home and 
abroad a unique manufacturing and sales service. 


Apart from the main specialities of the Associated firms, customers 
have the advantages of the pooled research, the accumulated 
experience and the entire technical resources of the whole group. 


The abundant advantages thus provided by group co-operation 
will be obvious. The after-sales service provided is of a kind 
beyond the scope of the single manufacturer. 


For further particulars write to: 


17, GROSVENOR GARDENS 
LONDON S.W.1 
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“MARELLI” 


(RE@D. TRADE MaRR) 


EXHAUST and VENTILATING 
FANS. 


Sizes 18” to 60’. 
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18” & 20” Single Phase and 
24” Three Phase Sizes. 


DELIVERED FROM STOCK. 


We invite your enquiries for all types of Electric Fans 


MARELLI & Co. LTD. 


ARTILLERY HOUSE, ARTILLERY ROW, 
VICTORIA STREET, LONDON, S.W.|I. 


Telephone: ABBEY 5476 (2 Lines). Telegrams & Cables: ‘*MARELLI, LONDON.” 
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PLAIN AND UNIVERSAL 


MILLING MACHINES 


The illustration shows a “00” 

size standard plain machine, 

which can also be supplied 

equipped with hydro-copying 

devices,also vertical or duplex 
spindles. 


Longitudinal Power Traverse 15?” 
or 23°” 


Transverse Power Traverse 
Vertical Traverse (Hand) 13%” 


NOTE: Table Swivels each side 
centre line 45 


This machine can be 
supplied for belt or motor 
drive. 


Brochures N.S.36 A, B & C sent on request. 


CRAVEN BROTHERS (M/CR.) LTD., REDDISH, STOCKPORT 
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INSULATORS 


COMPANY 
 _WALTHAMSTOW, LONDON. £.17. 
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REDUCE 
DRILLING COSTS 


BY USING 


BETTER-SERVICE” 
SOCKETS 


“BETTER-SERVICE” SOCKET 


Drive correctly by the whole of the taper 
surfaces, not merely by the tang. 


Reduce twist drill breakages. 
Avoid damage to spindle bores. 


Increase efficiency and ensure accurate 
drilling. 


Retain their initial accuracy over long 
periods of useful service. 


@ Outlive other sockets many times over. 


Send for descriptive pamphlet 


WILLIAM ASQUITH, LIMITED 


WELL ROYD WORKS 
HALIFAX, England 
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TYPICAL 
APPLICATIONS 


Traction Motors 


(Pure Asbestos Fibre) 


INSULATED WIRES 


COILS WOUND WITH 
“LEWBESTOS” 
CONDUCTORS 


DO NOT BURN OUT 


WHEN SUBJECTED TO 
HIGH TEMPERATURES 


Our booklet on Modern Armature 
Winding gives practical and technical 
information. SEND FORIT NOW! 


THE LONDON ELECTRIC WIRE 
COMPANY SMITHS, LIMITED 


Church Road Leyton, London. E.IO. 


Tel. LEYTONSTONE 3636(I0 lines) Telg: LEWCOS, LONDON. 
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“ARCLIGHT ” 
CONTINUOUS 


INDEPENDENT ALL-GEARED PHOTO COPIER 


(BRITISH PATENTS 248842, 326445, 424890) 


WRITE FOR CATALOGUE D 52D 


As supplied to the British, and foreign governments, 
the ‘Arclight’? Continuous Electric Photo Copiers are 
thoroughly well-conceived, designed and constructed. 
The operation is simplicity itself. Speedy output is a 
characteristic, and the unit principle construction, as shown 
in the catalogue, provides for conversion for additional 
output. From the point of view of value, this machine 
leaves nothing to be desired. We invite you to send your 
enquiry and to secure particulars of this dependable copier, 
which finds favour in so many offices. 


E.N.MASON & SONS LTD. 


Arclight Works, Colchester 8/9, Ivy Lane, London, E.C.4 
Telephone: COLCHESTER 2266 Telephone: CITY 5676 oe 


No. A£02 42 inch SIMPLEX MACHINE 


STRAKER BROTHERS LIMITED 


THE EISHOPSGATE PRESS 
ESTABLISHED 1800 


194-200, BISHOPSGATE, LONDON, — E.C.2 


TELEPHONE: BISHOPSGATE 2444 (4 LINES) 


We invite your enquiries for all classes of 
Printing and Stationery, and will submit, 


on request, Specimens and Lay-outs for 


ILLUSTRATED PRICE LISTS, WEEKLY, MONTHLY, & 
QUARTERLY JOURNALS & GENERAL ADVERTISING 


PRINTERS BY ALL PROCESSES 
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